The ictal increase of regional cerebral blood flow has yet to be fully utilised in the investigation of focal seizures. Although single photon emission tomography (SPECT) is being increasingly used in the localisation of epileptic foci, the evolution and time courses of the peri-ictal perfusion changes have yet to be clarified. We performed serial SPECT studies in the interictal, ictal and immediate postictal states in 12 patients with refractory temporal lobe epilepsy to define the patterns and duration of peri-ictal cerebral blood flow changes. Visual analysis showed a constant pattern of unilateral global increases in temporal lobe perfusion during seizures which suddenly switched to a pattern of relative mesial temporal (hippocampal) hyperperfusion and lateral temporal hypoperfusion in the immediate postictal period. Quantitative analysis confirmed the visual assessment. Lateral temporal cortex ictal/normal side to side ratios were increased by mean 35-1% (95% confidence interval 21-8% to 48-4%) more in the ictal studies than in the interictal studies and mesial temporal cortex ratios increased by mean 30-8% (22.4% to 39-2%). In the postictal state, however, lateral temporal ratios were reduced by mean 7-7% (-15-'8% to 0.4%) compared with interictal values, whereas mesial temporal perfusion was man*tained compared with the interictal studies. These observations provide critical information for interpreting scans which can be used in the localisation of epileptic foci. This postictal switch in blood flow patterns may reflect the underlying metabolic processes ofneuronal activation and recovery and have implications for understanding the neurobiology of human epileptic seizures.
Abstract
The ictal increase of regional cerebral blood flow has yet to be fully utilised in the investigation of focal seizures. Although single photon emission tomography (SPECT) is being increasingly used in the localisation of epileptic foci, the evolution and time courses of the peri-ictal perfusion changes have yet to be clarified. We performed serial SPECT studies in the interictal, ictal and immediate postictal states in 12 patients with refractory temporal lobe epilepsy to define the patterns and duration of peri-ictal cerebral blood flow changes. Visual analysis showed a constant pattern of unilateral global increases in temporal lobe perfusion during seizures which suddenly switched to a pattern of relative mesial temporal (hippocampal) hyperperfusion and lateral temporal hypoperfusion in the immediate postictal period. Quantitative analysis confirmed the visual assessment. Lateral temporal cortex ictal/normal side to side ratios were increased by mean 35-1% (95% confidence interval 21-8% to 48-4%) more in the ictal studies than in the interictal studies and mesial temporal cortex ratios increased by mean 30-8% (22.4% to 39-2%). In the postictal state, however, lateral temporal ratios were reduced by mean 7-7% (-15-'8% to 0.4%) compared with interictal values, whereas mesial temporal perfusion was man*tained compared with the interictal studies. These observations provide critical information for interpreting scans which can be used in the localisation of epileptic foci. This postictal switch in blood flow patterns may reflect the underlying metabolic processes ofneuronal activation and recovery and have implications for understanding the neurobiology of human epileptic seizures. The abnormal synchronised discharge of a neuronal aggregate that characterises focal epileptic seizures is accompanied by focal hyperperfusion''and hypermetabolism.67
Functional imaging with positron emission tomography (PET) and single photon emission computed tomography (SPECT) has shown a variety of peri-ictal blood flow patterns., [8] [9] [10] [11] [12] [13] presumably reflecting the rapid changes of blood flow accompanying focal seizures. Periictal studies with PET can be performed only serendipitously when seizures happen to occur during the scan. SPECT radionuclides such as o9mTechnetium-hexamethyl propyleneamineoxime (HMPAO) rapidly cross the bloodbrain barrier and reside in cerebral tissue for several hours. Isotope can thus be injected during an observed seizure and the patient can then be scanned within the next few hours, with the scan reflecting cerebral blood flow (CBF) at the time of injection."4These properties permit the prospective and serial evaluation of changes in CBF associated with focal seizures, which typically last less than two minutes.
We previously reported the early postictal perfusion changes with SPECT, which allowed accurate prediction of seizure focus in 69% of a series of patients with refractory temporal lobe epilepsy."-3 We have since sought to determine the diagnostic value of ictal and postictal SPECT scans by examining a series of ictal and postictal paired studies in the same patients with qualitative and quantitative image analysis. We found a remarkable difference in the ictal and postictal perfusion patterns, representing a postictal switch in blood flow distribution. This finding is important for clinical diagnosis of seizure localisation and for understanding the pathophysiology of temporal lobe epilepsy. showed a pronounced global increase in temporal lobe blood flow on the epileptogenic side (figure). This pattern was seen when injections were given during clinical and EEG ictal activity or up to 30 seconds after its cessation and was easily identified in all 12 cases by the three blinded observers independently (table   1) . Postictal studies showed a switch in distribution of blood flow with hypoperfusion of the epileptogenic lobe and hemisphere in all 12 studies and residual hyperperfusion of the mesial temporal region in seven. The postictal changes were not always striking. In nine patients they were obvious to all three observers but in the three others they were not sufficiently clear for blinded lateralisation independent of other data.
Methods
Hypoperfusion of the frontal and parietal cortex was seen ipsilateral to the discharging focus in the ictal studies and persisted into the postictal period. One patient progressed to hemigeneralisation after his complex partial seizure. SPECT showed increased perfusion in the contralateral motor cortex in this case, in addition to the temporal lobe hyperperfusion.
Perfusion ratios for all regions of interest in the patients' interictal state did not differ from those in the control group, except for the mesial temporal region where there was a significant decrease on the side of the epileptic focus (table 2) . Quantitative analysis of the ictal and postictal studies confirmed the qualitative interpretation of the images (table 3). Comparison of the postictal to the interictal scans showed that the postictal mesial temporal ratios were unchanged, whereas the posterior and lateral temporal ratios were reduced (although the lateral temporal change just failed to reach significance). Frontal and parietal ratios were significantly decreased in the postictal state, confirming the visual interpretation of the scans. No discrepancies were found between SPECT and EEG with regard to side of ictal activity. In patient 7, ictal EEG data were not useful in localizing the seizure focus, but because clinical, interictal EEG, SPECT, MRI, and neuropsychological data concurred on the localisation, a temporal lobectomy was performed; pathological examination con- firmed the suspected hippocampal sclerosis. All patients underwent temporal lobectomy on the side of the ictal SPECT focus ( Ictal scans in all patients showed significant relative global increases in blood flow in the discharging temporal lobe. The SPECT images produced from 99mTc-HMPAO injection during or within 30 seconds of the end of the seizure suggests that the ictal temporal hyperperfusion persists beyond the termination of EEG discharge for 60-90 seconds, as most of the HMPAO that crosses the blood brain barrier does so in the first 60 seconds after the intravenous injection. 14 This distribution period may be shorter, given the tachycardia that often accompanies seizures. '7 Injection after this time showed a switch in blood flow patterns, with hypoperfusion of the lateral temporal cortex frequently associated with preserved perfusion or hyperperfusion of the mesial temporal structures. The sequence of changes was thus a significant relative increase in mesial and lateral temporal lobe blood flow with ipsilateral depression of frontal cortex perfusion during the seizure, followed by a reduction in perfusion of the epileptogenic hemisphere with relative preservation of mesial temporal blood flow in the immediate postictal state. Our previous observationsl 13 suggest that postictal blood flow changes gradually return to normal within 10-30 minutes.
Lee et al noted in two of their ictal studies that cortex surrounding the hyperperfused area was underperfused and suggested that a "steal" phenomenon may be responsible. 
